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Abstract: This study used eco-friendly materials known as Periwinkle Shell Powder (PSP) in stabilizing 
the engineering properties of lateritic soil. Preliminary test was performed on the un-stabilized lateritic 
soil for the purposes of identification and classification (natural moisture content, liquid limits, plastic 
limits, and plasticity index). The engineering tests were conducted on the lateritic soil stabilized with 
additions of (2, 4, 6, 8 and 10 %) PSP and OPC respectively. The result showed that cement gave a 
progressive increase in the Maximum Dry Density (MDD) of the lateritic soil from 1875 kg/m3 (2 %) to 
2294 kg/m3 (10 %) respectively. This represents 22 % increase in the MDD from the un-stabilized state. 
For PSP, the Maximum MDD was attained at 6 % (1974 kg/m3), representing 5.3 % increase in MDD of 
the soil from the un-stabilized state. For both stabilizing agent, the Optimum Moisture Content (OMC) 
increases from 13.65 % to 13.83 % and from 11.72 % to 14.41 % for Cement and Periwinkle Shell Powder 
respectively. PSP recorded an increase of 5.6 % of CBR value compared with OPC that recorded an 
increase of 34 % CBR value. The study therefore concluded that Periwinkle Shell Powder (PSP) could be 
considered as good stabilizer for clayey or lateritic, and its uses as a stabilizer could also provide a big 
relief to the environmental pollution caused by its indiscriminate dumping. 
Keywords: Periwinkle Shell Powder, Geotechnical Property, Expansive soil, Stabilization. 
1. Introduction 
The important nature of soils in their natural states requires that its engineering properties meet 
construction standards. Often time, soils encountered seasonal volume change or swelling natures in the 
water permeability. [1] Defined soil as the strong material on the Earth’s due to weathering and organic 
action on the parent material. Lateritic soil can also be defined as weathered tropical or sub-tropical 
remaining soil, generally covered with sesquioxide rich solidifications [2]. In the same manner, [3] report 
that soil is characterised with high temperature and moisture content leading to intense chemical 
weathering that forms well graded residual soils. 
Soil is used as a construction material in various building and civil engineering projects to provide 
structural supports to foundation. It is note-worthy to state that not all soils are suitable for construction 
Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 November 2018                   doi:10.20944/preprints201811.0100.v1
©  2018 by the author(s). Distributed under a Creative Commons CC BY license.
2 
 
in their natural states. The properties that make soils unsuitable for construction of engineering 
structures in their natural state are generally referred to as problematic soil [4] Problematic soils could 
either be expansive soil or collapsible soil which in return causes low bearing capacity in building 
foundation, breaking and creaking of road structures [5]. 
Problematic soils are characterized by clayey materials and when used for engineering purposes without 
treatment could result into structural cracks in building, roads and damage to underground 
infrastructures [6-7]. Clays exhibit generally undesirable engineering properties characterized by low 
shear strengths which is further lost upon wetting or other physical disturbances [8]. The problematic 
nature of expansive soils is peculiar in Nigeria context, because clay minerals are predominantly present 
in most sub-grade materials [9]. When clay is wet it has potential to expand and shrink when dried. 
Cohesive soils are prone to sliding because it creep over time under constant load, especially when the 
shear stress is approaching its shear strength. According to [10] aggregate should be free of silt content.  
Lateritic soil has less than 30% silt content, between 25-63 % liquid limit and 5-42 % plasticity index [11-
14]. On this ground, it is understandable that the geotechnical properties of lateritic soil could be 
improved before there usage for engineering purposes. Otherwise they are bound to cause damages 
when use in their natural states. Different researchers have reported that the engineering properties 
(permeability density and porosity) of lateritic soil could be improve through sterilization just like 
expansive soil [15-16]. This improvement is usually done by stabilization. Soil stabilization enhances the 
strength, control soil dust and ensure soil water proofing [17]. Soil stabilization is the process of 
elimination of swelling properties of soils to enhance its shear strength and improve its load bearing 
capacity.  
[18] Define soil stabilization as process of chemical, mechanical, and biological means of improving soil 
properties therefore made the properties of soil more suitable for engineering purposes.  Soil 
stabilisation also connote the alteration of the soil properties, this means that the three phases present in 
the soil are modified i.e. the solid phase which is the mineral particles, the liquid phase which denotes 
the moisture content of the soil and the gaseous phases, which is the void or air present in the soil are all 
modified in the process of soil stabilization to obtain desirable lasting properties, which are compatible 
with a particular application. Stabilisation method could either be by water through bonding the soil 
particles together, water proofing the particles or combine the two method [19]. 
According to [20-25] some of the previous studies used cement, lime, periwinkle, fly ash, bitumen or 
combination of these stabilizing agents to improve geotechnical properties of soil. Application of these 
stabilizing agents to a soil usually results in a stabilized soil whose materials have a higher strength, 
lower permeability and lower compressibility than the native un-stabilized soil. For instance, chemical 
stabilization for soil property improvement consists of changing the physicochemical environment 
around and inside clay particles, changing the nature of the water that alternately moves into and out of 
the voids, thus effecting behavioural changes in the soil mass as a whole. Chemical stabilization aims at 
making the clay require less water to satisfy the charge imbalance, making it difficult for water to move 
into and out of the system, flocculating the clay to cause aggromulation, and, perhaps, cementing 
particles together to reduce volume change.  
However, in view of using a sustainable stabiliser that will be cost effective and eco-friendly [26-27] used 
common salt to stabilised expensive soil and noticed that the addition of 1.5 % of common salt to the 
weight of expansive soil decreased the swelling behaviour but improve the strength quality of expansive 
soil, thereby made the treated soil more stabilized.  
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In the same vein, researchers effort have been noticed on the use of pozzolans as partial replacement 
stabilizer because pozzolans are generally siliceous or/and aluminous materials which could either exist 
naturally like volcanic ash, opaline shale, tuff pumicite. Pozzollans can also be created artificially like the 
one used in this research work. Periwinkle Shell powder (PSP) obtained by the processing of empty 
Periwinkle shells into powder. Other artificial pozollans are pulverised coal fly ash (PFA), Metakaolin 
(calcined clay), ground granulated blast furnace slag (GGBS) and silica fume.  
However, more authors have worked on some sustainable local content, for example [28-30] adopted up 
to 40% rice husk ash (RHA) in partial replacement of cement for blocks production and noticed no 
significant decline in strength at age 28 – 60 days. [31] explored the potential of pozzolinic in palm 
kernel nut ash (PKNA), and came with the conclusion that 10 % of palm kernel nut ash (PKNA) cloud be 
partially replace cement and give more durable binder compared to when cement is completely used. 
[32] combined a pozzolan, Pulverised Calcined Clay (PCC), and calcium hydroxide (Ca(OH)2), Carbide 
Waste (CW), to generate 11MPa concrete strength after 28 day of curing. [23-25] reported that the 
chemical composition of PSP (SiO2, Al2O3, CaO and Fe2O3) were above 90 % which was higher than the 
70 % prescribed by ASTM C618. In the same manner, [33-34] studies showed an improvement on eco-
friendly stabilizer (milled eggshell and Rice Husk Ash) when used to stabilized the geotechnical 
properties of the clayey and lateritic soil.  
This study examined periwinkle shell as stabiliser that contains cementitious value that when finely 
grounded in a powdery form or processed into liquid could chemically react with calcium hydroxide in 
the presence of moisture at room temperature to form permanent insoluble compounds possessing 
cementitious properties. Periwinkle Shell Powder is obtained by processing periwinkle shells after the 
consumption of a small greenish-blue marine snail (periwinkle). The periwinkle snail is very strong and 
housed in a V shaped spiral shell, found in Lagos, Badagry, Port-Harcourt, Calabar, Ikot-Abasi and 
many other coastal communities across Nigeria. 
The people in the coastal areas mainly consume the edible part of the periwinkle as sea food while 
disposing the shell as a waste product which could cause environmental pollution because of its 
indiscriminate dumping. According to [35] education constitutes the core of human development. in 
other to encourage local participation in the use of periwinkle shell as pozzolans and aggregate, media 
can play a key role in information dissemination to mass audience in order to make the message achieve 
desired purposes [36-37]. 
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Plate 1: Periwinkle shells 
[38-40] studied the extend periwinkle shell could be use as partial replacement of fine and coarse 
aggregates in concrete and sancrete block production. An increase in material development research 
has led to the use of periwinkle shells as aggregates in concrete production. However, in areas where 
stones are scars periwinkle shells have been used for purposes such as paving of water logged areas, 
construction of light-weight concrete etc. There are still larger amount unused periwinkle shells 
adding to environmental problems in areas where its economic value have not been discovered. 
Crave for an alternative stabilizer either partially or wholly replacement, cheaper, suitable, eco-
friendly and readily available other than Ordinary Portland Cement remained the motivation for this 
research work. It is in line with this established background, this research seeks to investigate the 
potential of periwinkle shells as a stabilizing materials for lateritic soil. 
2. Materials and Methods 
Materials: The materials used for this study were  
▪ Periwinkle Shells 
▪ Ordinary Portland Cement (42.5 N) Expansive soils 
▪ Water 
2.1 Materials 
Periwinkle shells were obtained from market women at the Sunday market Ogba. Lagos State, 
Nigeria. The shells were thoroughly washed in warmed water to removed traces of the periwinkle 
oysters from the shells, the washed periwinkle shells was sun dried and oven dried at 110•C to ensure 
complete dryness after which it was milled to powder. The resulting powder was sieved through 
75μm to obtain fine powder. It was ensure that the Periwinkle Shell powder is kept air tight before 
and after use to prevent contaminations through moisture and others materials in the atmosphere.  
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Lateritic soil was obtained from Mesan Village along Oko-Omi at Iju-Ota, Ado-Odo municipality, of 
Ogun State and stored in jute bags and taken to the geotechnical laboratory at the Civil Engineering 
Department, Covenant University, Ota. The lateritic soil was collected at a depth not less than one 
metre below the natural ground level indicating the sampling depth and date of sampling. [41] BS EN 
1008 specification for clean water was considered for the experimental procedure.  According [42 BS 
EN 1997-1 42.5 N grade of Ordinary Portland Cement (OPC) Dangote Cement brand was used for the 
experiment. The apparatus and tools used for the experimental process include: Atterberg limit 
apparatus, Pestle and mortar, Casagrande apparatus, Sieves of different diameters, thermostatically 
oven, digital weighing balance, moisture content can and led, shovel, hand trowel, head pan, and 
bucket. 
2.2  Methods  
The lateritic soil sample was dried for 5 days to allow for rapid elimination of its natural water which 
could affect the experimental procedure, the sample was then sieved using sieve size 4.75 mm to 
obtain the final soil sample for the tests. Preliminary tests like natural moisture content, and 
Atterberg’s limits were carried out on the soil for easy identification and classification purposes.  
 
Plate 2: Sample Preparation 
The experimental procedures were carried out in two different stages. Firstly, Ordinary Portland 
Cement (OPC) was added to the soil samples at (2, 4, 6, 8 and 10 %) by weight of the soil sample. 
Atterberg’s limits (Liquid limit, plastic limit, plasticity index and shrinkage limit of soil passing BS 
425μm sieve. Then, followed by Compaction test in accordance with [44] ASTM D698-12e2 and 
California bearing ratio (CBR) test based on [45] ASTM D1883-16 on the stabilized samples. 
Secondly, the stabilization process was repeated using Periwinkle Shell Powder (PSP) on the soil 
samples at (2, 4, 6, 8 and 10 %) by weight of the soil.  Atterberg’s limits test, Compaction, California 
bearing ratio (CBR), tests were also repeated, while the result obtained using PSP as a stabilization 
agent was compared with the result obtained using OPC stabilizer. The laboratory test carried out put 
into consideration, the recommendations of [46-47] on safety knowledge and practices needed to for 
the experiments. The experiment on soil was performed according to British Standard methods of 
testing soil for Civil Engineering purposes (BS 1377: Part 1-9, 1990) [48]. Similar approach according 
to [49] was adopted in result presentation. 
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3.  Results discussion 
Table 1 shown the results of the preliminary test on the engineering properties of lateritic soil sample 
without any stabilization agent added, the soil has a plasticity index of 7.6 and is classified as an A-4-5 
from the AASHTO table of classification as it falls within the silt clay soil classification in the Unified 
Classification system. However, the liquid limit and plasticity index fall within the results of [11-14].
Table 1: Preliminary test on the engineering properties of lateritic soil 
S/n Preliminary test summary of expansive soil sample Value 
1 Natural Water Content 28.0 % 
2 Specific Gravity 2.7 % 
3 Liquid Limit  28.0 % 
4 Plastic Limit  20.4 % 
5 Plasticity Index  7.6 % 
6 AASHTO Classification A-4-5 
7 UCS (Unified Classification System) Silt-Clay (SC) 
Table 2 presented the chemical composition of Periwinkle Shell Powder (PSP) and Ordinary Portland 
Cement. The table showed that PSP is pozzolanic based on recommendation of [44] ASTM C618. The 
amount of chemical composition (SiO2, Al2O3, CaO and Fe2O3) of Periwinkle Shell Powder were found 
to be above 90 % which was higher than the 70 % prescribed by [44]. PSP constituents’ elements that 
could react with CaO to form permanent compounds in the presence of moisture, this is in line with 
[23-25] findings. The result also showed higher chemical composition over Milled Egg Shell (57 %) 
and Rice Husk (81.5 %) Ash used in stabilizing the geotechnical properties of the clayey and lateritic 
soil in [31-32] studies. However, there are remarkable similarities in the constituents’ elements of OPC 
and PSP though the percentages composition differs, this accounts for the cementitious characteristics 
in PSP.  
Table 2: Chemical composition of Ordinary Portland Cement (OPC) and Periwinkle Shell Powder 
(PSP) 
S/n Elemental oxides Ordinary Portland Cement (OPC) % Periwinkle Shell Powder PSP % 
1 SiO2 21.4 31.13 
2 Al2O3 5.03 8.34 
3 Fe2O3 4.40 4.21 
4 CaO 61.14 53.11 
5 MgO 1.35 0.76 
6 K2O 0.48 0.12 
7 Na2O 0.24 0.02 
8 TiO2 0.37 0.03 
9 P2O5 0 0.01 
10 SO3 2.53 0.06 
11 LOI 1.29 2.43 
 
Summary of the Atterberg limit tests 
Figures 1 and 2 shown the behaviour of lateritic soil treated with Periwinkle Shell Powder and 
Ordinary Portland Cement. The reduction in liquid limit of lateritic soil treated (OPC) was noticed at 
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6 %, plastic limit at 2 % and plasticity index at 6 % respectively. Meanwhile, (PSP) liquid limit 
dropped at 4 and 6 %, plastic limit dropped at 10 % and plasticity index at 6 % respectively. The 
finding of the study is similar to that of [27].  
 
Figure 1: Behaviour of lateritic soil treated with Ordinary Portland Cement (OPC) 
 
 
Figure 2: Behaviour of lateritic soil treated with Periwinkle Shell Powder (PSP) 
Table 3 and figure 3 showed that the maximum dry densities of the lateritic soil increases as the 
percentages of the stabilization agent increases, however at 6%, Periwinkle Shell Powder reached the 
peak MDD as further addition of 8% and 10% PSP led to a reduction in the soil MDD to 1892.46kg/m3 
and 1867.80kg/m3 respectively. The trend is however different in OPC as the lateritic soil MDD kept 
increasing from 1895kg/m3 at 2% to 2294kg/m3 at 10% respectively showing that OPC remained a 
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better stabilizing agent than the PSP. The graphical illustration of maximum dry density is as shown 
in Table 3, Figure 3 and 4 below. 
Table 3: Summary of the compaction test 
S/n % of 
Cement 
Stabilisation 
Cement Opt. 
Moisture 
Content (%) 
Cement Max. 
Dry Density 
(Kg/m3) 
% PSP 
Stabilisation 
PSP Opt. 
Moisture 
Content (%) 
PSP Max. 
Dry Density 
(Kg/m3) 
1 2 12.65 1895.95 2 11.72 1883.63 
2 4 13.08 1957.17 4 12.62 1908.40 
3 6 13.71 1994.41 6 13.58 1994.96 
4 8 14.68 2170.15 8 13.74 1892.46 
5          10 15.83 2294.48 10 14.41 1867.8 
 
 
Figure 3 Maximum dry density of PSP and Cement stabiliser 
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Figure 4: Optimum moisture content of PSP and Cement stabiliser 
The results of CBR test as shown in Table 4 and Figure 5 below, The CBR values at 2.5mm penetration 
was adopted as the CBR values of the lateritic soil stabilized based on standard practice and since 
they have higher values. Both Periwinkle Shell Powder and Ordinary Portland Cement showed an 
increase in the CBR value of the lateritic soil tested indicating capacity to stabilize the soil. PSP CBR 
recorded an increase of 5.6 % while OPC CBR recorded an increase of 34 %.  
Unlike OPC whose CBR value gave continuous increase at each points of addition (2, 4, 6. 8, 10 %) of 
OPC stabilizer, compared with PSP that attained the maximum CBR value at the addition of 6 % of 
PSP before the CBR value fall at 8-10 %. 
 
 
Table 4: Summary of the CBR test 
%PSP 2.5mm 5.0mm % OPC  2.5mm  5.0mm  
2 0.43 0.43 2  0.99  0.87  
4 0.47 0.46 4  1.24  1.22  
6 0.53 0.49 6  4.67  4.44  
8 0.3 0.29 8  5.11  5.06  
10 0.34 0.34 10  5.76  5.6  
 
 
Figure 5: CBR value for PSP and OPC 
5. Conclusion  
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The study thereby concluded that Periwinkle Shell Powder (PSP) could be considered as good 
stabilizer for clayey or lateritic, and its uses as a stabilizer could also provide a big relief to the 
environmental pollution caused by its indiscriminate dumping. 
The following conclusions were highlighted in line with the findings of the study: 
i) According to AASHTO and UCS classification, the lateritic soil used was classified as A-4-5 
and Silt-Clay. An increase in the Atterberg limits of PSP stabilized lateritic soil and decrease 
in the plasticity index connote that the Periwinkle Shell Powder (PSP) is a good stabilizer.  
ii) Meanwhile, it was noticed that the main mineral that characterized Ordinary Portland 
Cement (OPC) were SiO2 (24.0 %), Al2O3 (5.03 %), CaO (61.14 %), and Fe2O3 (4.40 %) they 
equals to 94.57 %. Compared to Periwinkle Shell Powder (PSP) that contained pozzolanic 
content of SiO2 (31.13 %), Al2O3 (8.34 %), CaO (53.11%), and Fe2O3 (4.21 %) 90.54 % in 
additions.   
iii) A progressive increase in the Maximum Dry Density (MDD) of the soil sample stabilized with 
PSP from 2 % (1875 kg/m3) to 10 % (2294 kg/m3) respectively. This represent 22% increase in 
the MDD from the un-stabilized state. For PSP, the Maximum MDD was attained at 6 % PSP 
(1974 kg/m3), representing 5.3 % increase in MDD of the soil from the un-stabilized state.  
iv) Also for both stabilizing agent the Optimum Moisture Content (OMC) increases from 13.65 % 
to 13.83 % and from 11.72 % to 14.41 % for Cement and Periwinkle Shell Powder respectively. 
For PSP CBR from 5.8% to 19.7%. 
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